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EXECUTIVE SUMMARY

An embankment is proposed to create a wetland, as classified by the Army Corps of
Engineers (1987), in southeastern South Dakota as part of a geological engineering senior design
project. The wetland will lie within the Prairie Pothole Region of the Upper Midwest. It is
within this region that the presence of wetlands has been declining over recent decades. The
wetland will provide habitat supportive of waterfowl which make bi-annual flights over the area
during migration. The embankment will incorporate a sharp-crested weir capable of passing a
25-yr, 24-hr rainfall event. Stop logs will be incorporated into the weir to allow periodic
drainage of the wetland. This will promote plant growth within the wetland, making the wetland
more attractive to waterfowl. The purpose of this report is to provide a design proposal for an
environmentally sound and economically feasible embankment and associated wetland.
The report includes information on the following features pertinent to the proposed site:
soils present, climate, topography, and presence of farmsteads. Also included are embankment
design criteria as defined by Ducks Unlimited, Inc. (R. Smith, Personal Communication 2009).
This document will propose design methodologies associated with the proposed embankment, in
order to analyze and optimize wetland dimensions and sustainability.
Lastly, an economic evaluation of various design options will be completed to attain a
preferred design.
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INTRODUCTION
An embankment is proposed to create a wetland, as classified by the Army Corps of
Engineers (1987), in southeastern South Dakota as part of a geological engineering senior design
project. Ducks Unlimited, Inc. has requested the hydrologic design of an embankment that, once
constructed, will conform to design specifications used by Ducks Unlimited, Inc. Figure 1
illustrates the location of the project, in Kingsbury County, approximately 4.5 miles west of the
town of Badger. The watershed associated with the wetland will be approximately 3550 acres.
Preliminary design analysis will assess embankments of 655 and 695 foot lengths as well as 7
and 8 foot heights. The embankment will incorporate a sharp-crested weir capable of passing a
25-yr, 24-hr rainfall event, while allowing one foot of freeboard to the top of the embankment.

PROBLEM DEFINITION AND OBJECTIVE
The long-term decline of wetlands in the prairie pothole region has become a growing
concern for wildlife enthusiasts and hunters alike. Without the continued intervention of
organizations such as Ducks Unlimited, Inc., a continued decline in wetland numbers could have
negative impacts on the waterfowl population in the region. The purpose of this report is to
provide a design proposal for an environmentally sound and economically viable embankment
that will create a wetland and will not threaten the environment or structures, such as roads and
farmsteads. The wetland will create duck habitat, offer storage for floodwaters, and act as a
storage area for sediments transported via waterways. Creation of the wetland will be achieved
through the construction of a hydraulic control structure downstream of the proposed wetland
site. The design proposal will address site characteristics such as soils, topography, climate,
1
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proximity to households, and potential for an environment beneficial to waterfowl.
BACKGROUND INFORMATION
Prairie Pothole Region
The location of the proposed
wetland lies within the Prairie Pothole
Region. The Prairie Pothole Region
(Figure 2) was shaped by glaciers as they
retreated northward approximately 12,000
years ago (USGS 2006). The terrain that
was left behind consisted of millions of
shallow depressions full of plant and
animal life (Ducks Unlimited, Inc. 2009).

Figure 2 - Prairie Pothole Region in red. (Ducks Unlimited –
www.ducks.org)

In recent decades the abundance of
wetlands in the Prairie Pothole Region has declined significantly. This decline has been
attributed to the drainage of wetlands to create farmlands (Dahl and Johnson 1991). The prairie
pothole region has been known for its importance in the life cycle of migrating waterfowl. Not
only does the region offer nesting opportunities in its expanse of grasslands, the shallow
wetlands also provide food for nesting and resting ducks as they make their bi-annual migration
over the area. In response to the reduced number of wetlands, the North American Wetlands
Conservation Act was initiated in 1989. This act provided matching grants to organizations and
individuals who have developed partnerships to carry out wetlands conservation projects in the
United States, Canada, and Mexico for the benefit of wetlands-associated migratory birds and
3

other wildlife (U.S. Fish and Wildlife Service 2009). As a result, organizations such as Ducks
Unlimited, Inc. have become forerunners in the reclamation of wetlands in the Upper Midwest
and have created design specifications for embankments which control wetland dimensions.
Characteristics of a Wetland
The three fundamental diagnostic characteristics that interact to form a wetland are
hydrology, plant-life, and soils present. In order for an area to be considered a wetland, the
following four criteria must be met (Army Corps of Engineers 1987):


The ground surface must be inundated with water for at least 5 percent of the
growing season each year



Mean water depths are < 6.6 feet



Soils which underlie the wetland must be anaerobic



Prevalent vegetation must be hydrophilic, capable of persisting in anaerobic soil
conditions.

Hydrology is the driving force which regulates the soil conditions and plant-life that are
present. Once an area is inundated with water the soils are less exposed to oxygen in the
atmosphere and over time become anaerobic; this in-turn leads to the presence of hydrophilic
plants, as others can not persist in such an environment. Soil groups C and D, as classified by
the Natural Resources Conservation Service (NRCS) (Web Soil Survey 2009), are preferential
within the watershed associated with a wetland. These soils have low permeability, allowing for
extended periods of inundation (Table 1). A desirable topography is one that has a gradual slope
which provides shallow areas near shorelines suitable for dabbling ducks to feed.
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Table 1 - Displays soil group classifications, definitions, and examples of each group as classified by NRCS
(http://websoilsurvey.nrcs.usda.gov).

Soil Type

A

NRCS Description

Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. High rate of water transmission.

B

Soils having a moderate infiltration rate when thoroughly wet.
Moderate rate of water transmission.

C

Soils having a slow infiltration rate when thoroughly wet. Slow
rate of water transmission.

D

Soils having a very slow infiltration rate (high runoff potential)
when thoroughly wet. Very low water transmission rate.

Dual (A/D,
B/D, C/D)

First letter represents drained areas, and second represents undrained conditions.

Soil Type

Deep, well-drained sands or
gravelly sands
moderately deep or deep,
moderately well drained or well
drained soils that have
moderately fine texture to
moderately coarse texture
Chiefly soils having a layer that
impedes the downward
movement of water or soils of
moderately fine texture or fine
texture
Chiefly of clays that have a high
shrink-swell potential, soils that
have a high water table, soils that
have a clay layer at or near the
surface, and soils that are shallow
over nearly impervious material.
Only the soils that in their
natural condition are in group D
are assigned to dual classes

Also, it would not be appropriate to create a wetland in the bottom of a valley where surface
water levels could change tens of feet very quickly during an intense rainstorm (Maryland
Cooperative Ext. not dated). A desirable watershed is one that spans no more than 4 to 5
sections, for simplicity, but is of such areal extent that significant overland flow will occur.
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Waterfowl and Wetlands
Many waterfowl rely on an abundance of wetlands and their associated grasslands during
the most crucial phases of the waterfowl life cycle (Ducks Unlimited, Inc. 2009). Figure 3
displays the life cycle of a mallard. During the pre-nesting phase the female duck searches for
suitable nesting grounds. The creation of wetlands promotes new places of nesting. Also,
presence of predator-free islands within a
wetland have been found to
increase nest densities and nest success
(Hammond and Mann 1956, Newton and
Campbell 1975, Duebbert et al. 1983).
Therefore, areas consisting of topography
suitable for the creation of islands were
preferential while searching for a project
location. Brood rearing and post breeding
are the two most critical phases in the
waterfowl life cycle. Once a hen has given

Figure 3 - Life cycle of mallard, also representative of other dabbling
ducks. (Ducks Unlimited - www.ducks.org)

birth to ducklings, food must be available in
order for the newborns to live. The hens themselves must also have a source of energy to fuel
the activities involved in caring for their young. Nesting near a wetland, or on an island in the
wetland, provides easily attainable food sources such as plant life and macro-organisms that
provide the hen and her young with essential proteins (Ducks Unlimited, Inc. 2009).
Furthermore, stop logs in hydraulic control structures have been used to promote plant growth
6

within a wetland. Basic impoundment management involves draining wetlands during the
growing season. Plant growth on these exposed soils will greatly exceed the growth that would
occur if water is maintained on the area throughout the year, thus providing a larger quantity of
waterfowl food. Finally, wetland size influences the variety of waterfowl which inhabit the
wetland. Larger wetlands, greater than 25 acres, have a higher probability of having varying
water depths, vegetation types, vegetation densities, and interspersion of open water. As the
diversity of these factors increase, so does the diversity of waterfowl (Maryland Cooperative Ext.
not dated). Wetland dimensions will be governed by the location and size of the embankment,
and will be taken into consideration during the design portion of this project.

DESIGN CONSTRAINTS
Soils
The watershed consists of approximately 71% B-type soils, 15% C-type soils, 14%Dtype soils (Figure 4), as classified by NRCS (Web Soil Survey 2009). The aforementioned
percentages were calculated using results attained from an NRCS Web Soil Survey (2009),
assuming undrained soil conditions. Although the watershed consists primarily of group B soils,
the area to be inundated has a higher ratio of group C: B soils than the majority of the watershed
that should promote sustained inundation of the wetland. Some soils in the area of the proposed
wetland could be excavated and used for embankment fill material. Extraction of soils could
also contribute to the design of the wetland itself, creating shallow bays which promote isolation
from other waterfowl, and possibly creating one or more islands that would provide ideal nesting
habitat.
7
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Topography
Figure 5 depicts the general topography, drainage basin, and extent of the proposed
wetland at the site. The watershed associated with the wetland in this proposal was measured to
be 3550 ac., approximately 5.5 mi.2 , and has a modest slope, that becomes more gradual at the
proposed wetland site. Present along the eastern and southern edges of the proposed wetland are
areas of much lower relief than the rest of the site. Also present in the watershed are depressions
which form ponds during periods of greater-than-average precipitation.
Proximity to Homesteads
Several houses were located within the drainage area of the wetland; however, only one
was in close proximity to the proposed wetland. A farmstead was located approximately 0.19
miles away from the western edge of the proposed wetland. Although this is close, the house
was located about fourteen feet above the surface water level of the proposed wetland. Further
reducing the risk of potential flood is an area of low relief to the southwest of the proposed
wetland that would be capable of holding a large volume of storm runoff before any risk would
be posed to the home.
Climate
The site in southeastern South Dakota has an interior continental climate, with hot
summers, extremely cold winters, high winds, and periodic droughts. The average monthly low
temperatures vary from 5.3(F) in January to 60.7(F) in July. Average monthly high
temperatures vary from 23.5(F) in January to 82.6(F) in July. The yearly average precipitation
is 23.68 inches. Most of the precipitation occurs between the months of April and September.

9
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June is the wettest month with an average precipitation of 4.12 inches (High Plains Regional
Climate Center 2009).
Safety Concerns
Human safety must be taken into account both during and after construction of the
proposed embankment. During construction heavy equipment will be used; compliance to safety
regulations will minimize any potential risks. Upon completion of the project, safety
considerations include failure of the embankment, flooding of nearby farmsteads, and misuse of
the wetland, such as for swimming. The projected size and location of the proposed
embankment suggests that each of the aforementioned safety risks is low. The proposed wetland
is to be quite shallow, reducing risk of drowning, and is at a location such that no farmsteads
appear to be in danger of downstream flooding if failure were to occur.
Embankment Dimensions
The proposed embankment is to be earthen, composed of clays, and must conform to
specifications defined by Roger Smith at the Midwest Regional Office of Ducks Unlimited, Inc.
(Personal Communication 2009) which include the following:


3H:1V slopes along both upstream and downstream faces



2H:1V slopes where a weir is present



A 12 foot width across the top of the embankment



Embankment must be compacted to 95% of maximum density determined by the
standard proctor test.



The proposed embankment must be designed to pass a 25-yr, 24-hr rainfall event.

11

DESIGN APPROACH
The final design proposal for this site focuses on design methodologies associated with
the proposed embankment and includes embankment construction material and weir dimensions.
A work plan was followed which includes the calculation or creation of the following
components:


Curve Number (CN)



Time of Concentration (Tc)



Amount of rainfall associated with a 25-yr, 24-hr rainfall event



Storage capacity curves



Hydrograph



Elevation-Storage and Elevation-Discharge relationships

A proposed project schedule is also included which shows dates associated with the
completion of various components of the project. Lastly, an economic evaluation will be
completed on the various design options.
Work Plan/Methods
Curve Number
A curve number is used to approximate the amount of runoff associated with a rainfall
event in a particular area; curve numbers range from 0 to 100. A greater value of curve number
is indicative of low permeability ground cover; whereas, a lesser number indicates ground that is
more permeable. Therefore, determination of CN for an area means analyzing soil types present
at the ground surface; the results of an NRCS Web Soil Survey (2009) display the soil groups
12

present (Figure 4). When determining a value for CN land use must also be considered, as
human interaction with soils often results in changing soil properties (Dahl and Johnson 1991).
Agricultural land use was determined through analysis of county agricultural maps located at the
USDA website. The areal extent of roads, farmsteads, and open water within the drainage area
were found through analysis of satellite images. The area of the roads was determined by
measuring the total distance of roads within the watershed and multiplying this distance by an
assumed road width of 45 feet. Everything else present within the watershed appeared to be row
crops. Soil groups present within each of the aforementioned areas was determined through
visual analysis of Figure 4. A curve number was determined using Tables 3-1 and 3-2 along
with the method displayed in Example 1 on page 3-7 of the Hydrology Manual of North Dakota
(HMND) (U.S. Department of Agriculture not dated).

Time of Concentration
The time of concentration (Tc) for a given watershed represents the time it takes for a
particle of water to travel from the furthest extent of the watershed boundary to the watershed
outlet, or embankment in this case. The Tc was determined by breaking up a particle’s apparent
flow path into reaches of similar flow conditions, as determined by Figures 4-1 through 4-4 in
the HMND (U.S. Department of Agriculture not dated). Next, the slope of each reach was
measured and converted to a percent slope. Figure 4-1 through 4-4 in the HMND (U.S.
Department of Agriculture not dated) was then be used to estimate a velocity for each reach.
Lastly, the time spent in each reach was determined by dividing reach length by velocity. The
time spent was then summed for each of the reaches, resulting in a value for Tc. USGS
13

topographic maps were used, along with satellite images, to determine reach lengths and flow
conditions.

Rainfall Depth
The depth of precipitation for a 25-yr, 24-hr rainfall event was approximated
using Technical Paper 40 (US Weather Bureau 1961). Technical Paper 40 consists of rainfall
depth contours for various storm durations and intensities, and was constructed using decades of
rainfall data. Upon identification of the proposed project site on the 25-yr, 24-hr rainfall map,
interpolation was made between contours to decipher the rainfall depth at the location.

Storage Capacity Curve
A storage capacity curve displays the storage area within a wetland associated with each
foot of head above the designed weir. It is determined by measuring the aerial extent of each
contour located within the proposed wetland, along with two or more contours above the
proposed surface water level. A storage capacity curve plots height above weir vs. storage area;
therefore, at the surface water level storage is zero. Storage capacities were found by measuring
total volume of storage associated with each level, in one foot increments, above the weir. A
polynomial trend line was then fitted to the storage capacity curve in order to determine an
equation which relates storage capacity to height above the weir. This equation was then entered
into an Excel spreadsheet where it was used to compute the changes in storage capacity and head
relative to time during a 25-yr,24-hr rainfall event.
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Hydrograph
A hydrograph was created using the method displayed in Example 1 on page 6-2 in the
HMND (U.S. Department of Agriculture not dated). A hydrograph displays changes in the
volume of water flowing through the watershed over the time interval during which flow will
occur. First, a hydrograph family was determined using Figure 5-1 in the HMND (U.S.
Department of Agriculture not dated). A tabulated hydrograph was then selected from Figure 66 in the HMND (U.S. Department of Agriculture not dated), using the curve number and
hydrograph family.

Elevation-Storage and Elevation-Discharge Relationships
Finally, several spreadsheets were created, each for weirs of different lengths. The
spreadsheets were then be analyzed in order to determine which lengths would most sufficiently
pass a 25-yr, 24-hr rainfall event. Sufficiently, in this case, means that the embankment would
allow one foot of freeboard and the total cost associated with the embankment would be
minimized. The spreadsheets incorporate data derived from all of the aforementioned work plan
components. The following coefficients needed to be determined from Figures 5-3a and 5-3b in
Brater and King (1976), and were incorporated into each spreadsheet: effective weir discharge
coefficient (Ce), effective weir length (Le), and the effective head (He).

Design Assumptions
In some cases assumptions were made in order to advance the design process. The first
assumption is that the embankment will be compacted to 85% of the in-situ density of the soils
15

that will be used to create the embankment. Secondly, it is assumed that the soil to be excavated
for embankment fill material will have a 35% swell associated with its removal from in-situ
conditions. Peurifoy (1979) determined that 35% swell is common in most clays.
Next, a major assumption in this project is that an influx of water sufficient to create a
wetland at the proposed project site will occur on a yearly basis. Major sources of wetland water
will be precipitation and melt-water associated with spring thaw. The presence of water bodies
within the area of the proposed wetland has been observed through visual analysis of satellite
images of the area. This, along with the presence of C and D-type soils within the proposed
wetland site, suggests that the area already acts as a small scale storage area for runoff.
Finally, in analyzing costs associated with the embankment, a value of $40/sq. ft. was
used for weir material, structural steel. This value is assumed to include construction costs
associated with weir dimensioning and emplacement. It is also assumed that a weir embedment
of 5 ft. into the embankment will be sufficient. These values were given by Roger Smith at the
Midwest Regional Office of Ducks Unlimited, Inc. in Bismarck, North Dakota (Personal
Communication 2009). Finally, it is assumed that a walking bridge would be embedded no less
than 10% of the weir length on either side of the weir where applicable.

Preliminary Design Options
As previously mentioned, the calculations discussed earlier in the work plan/methods
section were used to create a spreadsheet which relates weir length and height of the surface
water level above the weir during a 25-yr, 24-hr rainfall event. Knowing this information is
essential in determining potential weir dimensions; as the chosen dimensions must allow one
16

foot of freeboard during the period of maximum water height above the weir. Weir lengths of
20, 30, 50, and 75 ft. were analyzed for this site.
A bridge above the weir would be useful in the removal of stop logs to allow drainage of
the wetland. A wooden bridge would be more cost effective than a metal bridge; however, wood
may deteriorate faster than metal. This was taken into consideration when determining final
project costs.
The embankment itself will be constructed of earth. Constructing an earthen
embankment will allow materials to be taken from areas within the proposed wetland area and
lower costs associated with embankment construction. Taking materials from within the project
side could also promote the creation of an island which would create added nesting for
waterfowl.

FINAL DESIGN
Calculations
This section includes the results of calculations made for all of the aforementioned
components of the work plan/methods, along with volume calculations for two potential
embankment sizes.

Curve Number
A curve number of 79.4 was calculated for the proposed project site. This number was
rounded up to 80 for simplicity. Using Tables 3-1 and 3-2 in the HMND (U.S. Department of
Agriculture not dated), CN values associated with good crop conditions were used. Figure 6
17

displays the components of this calculation along with the resulting CN value. Also calculated
were the CN values associated with varying crop conditions (Figures 11 and 12 in Appendix).
As row crops encompass the majority of the watershed, it was determined that variations in
surface conditions in these areas would have the most significant effect on the CN value. For the
first calculation, curve numbers corresponding to poor crop conditions were used; whereas, the
values displayed in Figure ii were calculated assuming mulch till conditions. The results show
that the curve numbers vary slightly under different surface conditions. However, all the
calculated values fall between 78 and 81 and correspond to the same hydrograph family [Figure
5-1 in the HMND (U.S. Department of Agriculture not dated)]. Therefore, it has been
determined that using a CN value of 80 is acceptable for this project.

Time of Concentration
Table 2 displays the calculation of Tc. The calculated Tc value for this watershed was
approximately 2.4 hours. This number was rounded down to two hours for use in this project.
Using a lower value of Tc is done to remain conservative, as lower Tc values are indicative of a
watershed in which overland flow occurs more rapidly, increasing peak head. The calculated
number was created assuming reach conditions which became less retardant further downstream
of the flow path. Also, channel flow was assumed for the majority of the path, having increased
depths downstream. In reality, the flow paths likely consist of rough ditches and broad swales
that would likely create a greater Tc value. It is unlikely that conditions would exist that are
more conducive to rapid flow than those assumed for this project.

18
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Table 2 – Displays calculation of Tc

Rainfall Depth
Upon analysis, it was observed that the proposed project location was located between
the four-inch and five-inch precipitation depth contours. A straight line was drawn through the
project location, having endpoints on each of the aforementioned contours (Figure 7). The
distance from endpoint to endpoint was measured to be 270 miles; whereas, the distance from the
four inch contour to the proposed project location was 140 miles. Through interpolation of these
distances it was determined that the rainfall depth for a 25-yr, 24-hr rainfall event at the site was
4.52 inches. This value was then used to calculate runoff within the watershed using Figure 3-2
in the HMND (U.S. Department of Agriculture not dated). A value of 2.5 inches was determined
for runoff depth.
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Storage Capacity Curve
Table 3 displays the calculation of storage capacity for the proposed location, and Figure
8 displays the resultant storage capacity curve. A third order polynomial trend line was fitted to
plotted data points which relate head above the weir to storage capacity. The y-component
represents head and the x-component represents storage capacity. Similarly this equation would
be entered into a spreadsheet which calculates elevation-storage and elevation-discharge
relationships. The equation will occupy a column denoted H. This column will display the free
surface water level at any point during a 25-yr, 24-hr rainfall event at the proposed site.
21

Table 3- Displays calculation of storage capacity at proposed project site.

Elevation
(Ft.)

Reservoir
Area (Ft.2 )

Reservoir Area
(Acres)

Reservoir
Capacity (acre-ft.)

Storage Capacity
(acre-ft.)

Head
(ft.)

1750
1751
1752
1753
1754
1755
1756
1757
1758

1234871
2778450
4927788
5478520
6032299
6429100
6877533
7487463
7950716

28.3
63.8
113.1
125.8
138.5
147.6
157.9
171.9
182.5

0
46
135
254
386
529
682
847
1024

0
0
0
0
0
143
296
461
638

0
0
0
0
0
1
2
3
4

Storage Capacity Curve 1

4.5

y = 3.086E-10x 3 - 1.713E-06x 2 + 7.238E-03x - 2.566E-04
R² = 1.000E+00

4

Head Above Weir (ft)

3.5
3
2.5
2
1.5
1

0.5
0
-0.5
0

100

200

300

400

500

600

700

Storage Capacity (ac-ft)

Figure 8- Displays example of a storage capacity curve for project location. Y-axis is height above
weir in ft.; X-axis- is storage capacity in acre-ft. Also shown is polynomial expression for
trendline through the data points.
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Hydrograph
The hydrograph created for the proposed project site is displayed in Figure 9. A
hydrograph family of 1 was determined using Figure 5-1 in the HMND (U.S. Department of
Agriculture not dated). The hydrograph for the proposed project location shows that the
maximum inflow of runoff is approximately 1685 cfs and it occurs just over 11 hours into the
25-yr, 24-hr rainfall event. This will be the final component needed to create a spreadsheet that
routes the flood.

Inflow Hydrograph
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Volumetric Flow rate (cfs)

16
14
12
10
8
6
4

2
0
0

5

10

15

20

25

30

35

Time (Hrs)
Figure 9- Displays hydrograph for the drainage basin at the proposed project location along with
values used to create the hydrograph. Where: X- axis is time in hrs. and the Y-axis is
volumetric flow rate in cfs.
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Elevation-Storage and Elevation-Discharge Relationships
All of the aforementioned calculations in some way contributed to the creation of
spreadsheets (Figures 13, 14, 15, and 16 in Appendix) which display head above the weir at any
moment during a 25-yr, 24-hr rainfall event. The spreadsheets calculate the maximum heights
the free surface level reaches for weirs of varying lengths (20, 30, 50, and 75 ft.). Using the
resulting heights, design specifications were made for embankments having weirs of varying
lengths. It was determined that weirs of lengths 20, 30, and 50 ft. would require an embankment
height of 8 ft. in order to allow one foot of freeboard (assuming 1 ft. increments are most
plausible for embankment design). The 75 ft. weir would require an embankment height of just
7 ft.
In order to correctly determine the relationships between costs associated with weirs of
different lengths, total embankment volumes were determined (Tables 4 and 5 in Appendix). In
this case, embankment heights of 7 feet and 8 feet were analyzed, as these heights correspond
with the weir lengths that will be analyzed for this project. For each of the heights, total
embankment length was first determined. Lengths were determined by measuring the distance
between equal contours (1757 ft. for seven foot embankment and 1758 ft. for eight foot
embankment) on opposite sides of the stream channel across which the embankment will be
constructed. Length measurements were made using measuring tools in ArcGIS. Next, the cross
sectional area was determined for each case. The cross sectional area was measured, assuming
the base would be at 1750 ft., for each potential embankment height, as this is where the ground
slope will be equal to zero. In determining the volume associated with the middle portion of
each embankment, the cross-sectional area was simply multiplied by the length of the middle
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portion. In determining the volumes associated with the sides of the embankment, the same
process was performed; however, the resulting values were divided by two, as trapezoids having
a height of zero at the outer reaches of the embankment and heights of 7 ft. and 8 ft. at the inner
were assumed. Also calculated was the haul volume of the embankment material (Table 6 In
Appendix). The calculation assumes that final embankment volume will be 85% of in-situ
volume. Furthermore, the in-situ soil to be excavated is assumed to have a swell index of 1.35,
common in clays.

Cost Estimates
As costs associated with construction of the embankment are of utmost importance in this
project, a cost assessment was performed to determine which construction methodology would
be most cost effective. Two methodologies were analyzed. The first would incorporate the use
of two sheepsfoot rollers and five self propelled scrapers. The other method would incorporate
three 60 C.Y. dump trucks, two sheepsfoot rollers, and two front end loaders. Tables 7 and 8 in
the Appendix display the total daily costs associated with each method. It can be observed that
the latter method, utilizing three 60 C.Y. dump trucks, two sheepsfoot rollers, and two front end
loaders, would cost greater than $7,000 less per day while producing a nearly equivalent output.
Next, a cost assessment was created for the varying weir lengths which includes all costs
associated with construction of the embankment (Table 9 in Appendix).
Although using a shorter weir length would reduce costs associated with the weir
material, it could also require a taller embankment, in order to pass a 25-yr, 24-hr rainfall event,
which would increase costs associated with embankment fill material. A longer weir would
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increase costs associated with weir material, but may require less fill material be used to
construct the embankment. In this case, it has been determined that the amount of structural steel
used is the main factor associated with cost. Therefore, a shorter weir is desired in order to
remain cost efficient. Using a weir of 20 feet in length would be preferred; however, one design
constraint associated with this project states that the embankment will have 2H: 1V side slopes
where the weir is present. This poses a problem with the 20 foot weir. The weir base will be
four feet above the ground surface meaning that at 2H: 1V side slopes the embankment would
extend eight feet laterally on each side of the weir. This leaves only four lateral feet of
separation between the east and west sides of the embankment. During flooding events this short
channel width at the base of the weir may not be adequate to pass floodwaters effectively.
Therefore, a weir length of 30 feet will be utilized for this project.
Plans and Specifications
The construction of an embankment will involve a site preparation, which was included
in daily excavation/construction costs, and the emplacement of fill material. Original
embankment construction will not take into account Ducks Unlimited, Inc. design specifications
for slopes near the weir (R. Smith personal Communication 2009), as these will be applied later.
Instead, the total required volume of fill material will first be calculated for an embankment
having 3H: 1V sides throughout. Upon emplacement of this material, proper slopes will be cut
into the embankment to conform to design specifications.

Material for the earthen embankment will consist of C and D group soils, which
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would be extracted from the area encompassed by the 1750 ft. contour in the proposed wetland
(Figure 10).

Figure 10- Displays area from which embankment fill material will be excavated, potential island, and plan
view of proposed embankment.
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The embankment will consist of a weir containing stop logs. Stop logs will be emplaced
to allow drainage of the wetland in order to promote plant growth within the wetland. Also
present will be 12 inch gabions at the base of the weir on the downstream side of the
embankment and 9 inch gabions along the 2H: 1V sloped sides near the weir. The weir will be
emplaced once the embankment material is in place, and stop logs will be the last component
added to the structure once all other components have been completed.
Figures 17 – 20 in Appendix display dimensions associated with the proposed
embankment including: plan view, cross-section, and side view. These drawings do not include
the proposed bridge.

Proposed Schedule
A proposed schedule for the completion of this project is as follows:


First draft of design proposal – November 2009



Final draft of design proposal – December 2009



Begin contracting for bids – January 2010



Begin construction – Late Spring 2010



Project completion – By Summer 2010

CONCLUSIONS
It has been determined that the proposed wetland site in South-Eastern South Dakota is a
suitable location for the construction of an embankment to create a wetland. Several potential
designs were analyzed and a final design was chosen which was estimated to have a total
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construction cost of approximately $78,000, and would require approximately 3 days to
construct. The embankment would be 695 ft. long and would allow a wetland of nearly 140
acres to exist at full capacity. Although the wetland likely will not be full most of the time, at
half the maximum depth a wetland having an areal extent of approximately 115 ac. would
persist. Even this is large enough to allow several hens to raise their broods. The embankment
would be constructed of material removed from the project location and will incorporate a bridge
to be used for maintenance or leisure. It does not appear that there will be any resulting safety or
environmental concerns associated with the completed embankment, as it is of marginal size and
no homesteads exist downstream of the embankment within a proximity that would be
considered dangerous if failure should occur.
Upon completion of the embankment it will be at the discretion of Ducks Unlimited Inc.
to take steps to enhance the suitability of the wetland to sustaining waterfowl. Enhancement of
the wetland could include emplacement of artificial islands, or even implementation of a small
excavation to create a large island within the wetland, at the location shown in Figure 10.
FINAL STATEMENT
If this project is accepted it should be noted that a final design may or may not require an
emergency spillway. This aspect was not analyzed as it was assumed beyond the scope of this
project. Also, wetland biologists should be contacted to determine specifics regarding the
promotion of plant-life within the wetland as well as specific times to allow drainage of the
wetland. This report focused primarily on the hydrologic design of an embankment to create a
wetland, taking into account project goals, design constraints, and economic concerns.
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Furthermore, should this project be accepted, soils to be excavated would require attention in
order to determine specific compaction and plastic properties.
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Figure 13 – Displays calculation of height above weir for 20 ft. weir. Where: P= height from base of embankment to base
of weir, L= length of weir, H is surface water height above weir, b is embankment width, and KL, Le, Ce, and
He are coefficients determined by Figures 5-3a and 5-3b in Brater and King (1976). Highlighted row represents
time of maximum surface water level.
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Figure 14 – Displays calculation of height above weir for 30 ft. weir. Where: P= height from base of embankment to base
of weir, L= length of weir, H is surface water height above weir, b is embankment width, and KL, Le, Ce, and
He are coefficients determined by Figures 5-3a and 5-3b in Brater and King (1976). Highlighted row represents
time of maximum surface water level.
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Figure 15 - Displays calculation of height above weir for 50 ft. weir. Where: P= height from base of embankment to base
of weir, L= length of weir, H is surface water height above weir, b is embankment width, and KL, Le, Ce, and
He are coefficients determined by Figures 5-3a and 5-3b in Brater and King (1976). Highlighted row represents
time of maximum surface water level.
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Figure 16 - Displays calculation of height above weir for 75 ft. weir. Where: P= height from base of embankment to base
of weir, L= length of weir, H is surface water height above weir, b is embankment width, and KL, Le, Ce, and
He are coefficients determined by Figures 5-3a and 5-3b in Brater and King (1976). Highlighted row represents
time of maximum surface water level.
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Table 4– Displays calculation of 7 foot embankment volume (associated with a 75 ft. weir)
7 Foot
Embankment
West Side
Middle
East Side
Total

Length
(ft.)
210
130
315
655

Top Width
(ft.)
12
12
12

Bottom Width
(ft.)
54
54
54

X - Sec Area
2
(ft. )
231
231
231

Volume
3
(ft. )
24255
30030
36382.5

Volume
(C.Y.)
898
1112
1348
3358

Table 5 – Displays calculation of 8 foot embankment volume (associated with weirs of 20, 30,
50 ft. lengths)
8 Foot
Embankment
West Side
Middle
East Side
Total

Length
(ft.)
225
125
345
695

Top Width
(ft.)
12
12
12

Bottom Width
(ft.)
60
60
60

X - Sec Area
2
(ft. )
288
288
288

Volume
3
(ft. )
32400
36000
49680

Volume
(C.Y.)
1200
1333
1840
4373

Table 6 – Displays haul volume in C.Y. of embankment material for 7 ft. and 8ft. embankments.
Embankment Haul Volume

7 Foot Height

8 Foot Height

C.Y.

3,358

4,373

Volume in situ = C.Y. /.85

3,951

5,145

Total haul volume (swell factor = 1.35)

5,333

6,945
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Table 7 – Displays daily cost assessment of excavation/construction of embankment utilizing 21
C.Y. Self propelled scrapers 1500 ft. haul and sheepsfoot rollers.
21 C.Y. Self
propelled scrapers
(5) 1500 ft. haul &
sheepsfoot rollers
(2)
Sheepsfoot Rollers
Self propelled
Scrapers

Daily Output
(C.Y.)

Cost/C.
Y

Mobilization
Costs/Unit

# of Units

Daily
Cost

3,225
3,225

$0.64
$4.40

$300
$300

2
5

$2,664
$15,690

Total
Cost/Day

$18,354

Table 8 – Displays daily cost assessment of excavation/construction of embankment utilizing 60
C.Y. rear dump trucks 1 mi. haul, sheepsfoot rollers, and 5 C.Y. wheel mounted front end
loaders.
3 60 C.Y. rear dump
truck 1 mi. haul, 2
sheepsfoot, & 2 5
C.Y. mounted front
end loaders
60 C.Y. Rear Dump
Truck
Sheepsfoot Rollers
Front End Loaders

Daily Output
(C.Y.)

Cost/C.
Y

Mobilization
Costs/Unit

# of Units

Daily
Cost

2960

$1.90

$150

3

$6,074

2960
2960

$0.76
$0.64

$300
$150

2
2
Total
Cost/Day

$2,850
$2,194
$11,118
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Table 9 – Displays total project costs associated with weirs of varying lengths . Costs determined using
RS Means (2002)
Column1
Volume Hauled (C.Y.)
Excavation/Haul/Compaction
Daily Output (C.Y.)
Excavation/Haul/Compaction
Costs/Day
Days Required for
Excavation/Haul/Compaction
2
Sheet Pile Area (Ft. )
2
Sheet Pile Cost/Ft.
9 in. Gabion Area (S.Y.)
9 in. Gabion Cost/S.Y.
12 in. Gabion Area (S.Y.)
12 in. Gabion Cost/S.Y.
8 Foot Wide Bridge Area
(S.Y.)
8 foot Wide Bridge Cost/S.Y.
Total Cost (2002)
Total Cost (2009)

20 Ft. Weir
6,945
2,960

30 Ft. Weir
6,945
2,960

50 Ft. Weir
6,945
2,960

75 Ft. weir
5,333
2,960

$11,118

$11,118

$11,118

$11,118

3.0

3.0

3.0

2.0

552
$40
9
$33
5
$37
44

672
$40
11
$33
20
$37
53

912
$40
11
$33
40
$37
71

1092
$40
13
$33
70
$37
89

$48.80
$58,081.69
$70,611

$47.56
$63,863.23
$77,639

$53.75
$75,479.72
$91,762

$74.56
$75,529.06
$91,821

Figure 17- Displays Plan view of proposed embankment. Yellow lines signify embankment outline and blue
circles represent gabions. All numbers represent distances in feet. Drawing does not include walk
bridge.
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Figure 18- Displays close up of plan view near weir structure. All numbers represent distances in feet.
Drawing does not include walk bridge.

Figure 19- Displays side view of proposed embankment. Yellow lines represent embankment outline
and green indicate weir outline. Dashed green lines are not exposed from this view. All numbers
represent distances in feet. Drawing does not include walk bridge.
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Figure 20 – Displays cross-sectional view of proposed embankment. Drawing represents Crosssectional dimensions near weir, where the embankment is situated on level ground and is at its
widest. All numbers represent distances in feet.
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